Physicochemical characterization and pollution evaluation were performed on six gold mining sites at the locality of Bétaré-Oya in Cameroon. Twelve samples of twenty two sampled show contamination with arsenic, nickel and lead. Granulometric analysis performed on all samples show a predominance of coarse particle (>250 μm) and PH varying from 5.4 to 7. The pollution index and pollution load index show that primary gold exploitation site of Mbal, Nakayo and Kpawara are contaminated. The highest pollution index is recorded on releases from the primary gold mining sites of Mbal, Kpawara and Nyondéré, which means that one must have a watchful eye to the discharges produced by primary gold mining. Sorting the samples in descending order of pollution index yields: Mb3 > Kp1 > Kp2 > Mb2 > Mb1 > Mb4 > Kp3 > Na5; meaning that special emphasis should be placed on the monitoring of wash sludge such as those from the Mbal site (Mb3), where pollution index is equal to 36.29, as well as washed and waste rock.
Introduction
Growing industrialization throughout the world has been accompanied by the extraction and distribution of mineral substances from their natural deposits. In the process of mining, heavier and larger particles are directly discharged into natural depressions and consequently, many kinds of risk elements are introduced into the environment, which cause serious environmental problems [1] [2] [3] . These harmful substances introduced into the environment have many adverse effects on human health, biological systems, agricultural productivity and natural ecosystem [4] . Environmental pollution by heavy metals has become a question of public concern considering their negative consequences. It produces substances whose existence poses major threats to quality living and existence of man and animals when it is above allowable limits [5] . Originating from small scale and even abandoned mine, all of these go a long way to contaminate streams and sediment as well as agricultural products with high concentrations of toxic metals [6] . This could result in metal poisoning in areas where water from such stream serves for some domestic use. Evaluation and characterization of the pollution orchestrated by heavy metals near mine had been a topic of concern within the scientific community in recent years.
This study focuses in investigating the potential sources of trace elements or heavy metals contamination and the evaluation of pollution potential in Bétaré-Oya mining site, in Cameroon.
Materials and Methods

Materials
Global Positioning System (GPS), was used to locate the sampling point. Fluorescence X (XRF) was used to conduct chemical analysis and a column of Sieves for granulometric analysis.
Methods
Sampling
Stratified random sampling was used in this study [7] , it is a strategy based not only on a statistical approach [8] , but where, in addition, the studied area is divided into homogeneous entities, called strata. We identify three strata on each of the sites, namely the waste rock stratum, the sand gravel stratum and the soil and sediment stratum. Sampling was carried out on six sites, namely Mbal, Kpawara, Nyondere, Lom, Nakoyo and 2 reference points where no mining activities are done. Coordinates of sites sampled are shown in Table 1 .
Evaluation of Soil Contamination 1) Pollution index
The Soil Pollution Index (PI) is a concept introduced in many studies to identify multi-elements contamination that results in increased metal toxicity [9] [10] [11] . This is a criterion for assessing the overall toxicity of contaminated soil. It is calculated from the average ratio of metal concentrations in soil samples to limiting guideline values. These limit values correspond to the tolerable levels in soil suggested by Kloke [12] ; when PI < 1, the soil is not polluted, whereas for PI > 1, the soil is polluted.
2) Pollution load index.
The degree of pollution of heavy metals in affected soils was assessed and compared through the Pollution Load Index [13] . This index is based on the values of the concentration factors of each metal (CFi) in the soil. The concentration factor is the ratio of the concentration of each metal in the soil to the value of the geochemical background (natural concentration of metal in the soil) of the same metal. The latter was assimilated in our study to the average concentration of the heavy metal in the reference samples. For each site sampled, the pollution load index (PLI) is calculated by the formula:
CFi is equal to the concentration of metal i over a geochemical background of metal i. The pollution load index (PLI) greater than 1 symbolizes pollution.
Results and Interpretations
Physicochemical Characterization
Particle Size Analysis 1) Sterile Open Journal of Inorganic Chemistry
The results of the particle size analysis performed on the Mb1, Mb5, Kp3 and Lo1 sterile samples are presented in Figure 1 .
From Figure 1 , we can see that all the curves have a similar profile, marked by a dominance of coarse particles (>250 μm) with respectively 74.32% for Mb1, 70.7% for Mb5, 84.88% for Kp3 and 90.91% for Lo1. This dominance of the coarse fraction is explained by the strong presence of lateritic gravel in the sterile. This could result in a difficult transport of this material, which can certainly reduce the mobility of heavy metals to environmental receptors such as soil.
Moreover the strong presence of coarse fractions in these materials shows that the specific surface of these materials is low, meaning that the area available for metals adsorption becomes low, since the mass available for metals adsorption is larger for fine particles than for coarse particles [11] . Finally the dominance of the coarse fraction clearly indicates a weak presence of clay, which can reduce the adsorption of the heavy metals.
2) Discharged gravels Figure 2 give the results of the particle size analysis performed on discharged gravel or waste washed gravel samples Ny2, Ny3, Mb6 and Lo2. Curves with similar profiles are also observed, with a strong dominance of coarse particles.
Sample Ny2, has 96.25% coarse particles, 85.54% for Ny3, 70.99% for Mb6 and 88.94% for Lo2. This presages a low particle transport and a low adsorption of heavy metals as for the case of sterile. The low presence of clay may decrease the adsorption of metals.
3) Washed sand
The results of the particle size analysis performed on washed sand samples Mb2, Na2, Na5 and Kp1 are shown in Figure 3 .
In contrast to sterile and gravel samples, primary gold's washed sand has more fine particles with 90.68% of particles smaller than 800 μm for Na5, 78.32% for Kp1, 34.15% for Mb2 and 27.92% for Na2, which predict easy transport by water and wind. The clay fraction is low in all samples, which could decrease the adsorption of heavy metals.
4) pH value
The pH value of samples analyzed is given in Figure 4 .
It is noted that the pH value varies between 5.4 and 7.2 for all samples, which means that sterile, sediments and soils are slightly acidic and even neutral for some. The pH influences the mobility and bioavailability of heavy metals. Heavy metals can be mobilized when environmental conditions, especially pH, change [14] . Thus, when the pH decreases, desorption or dissolution processes will tend to lead to the release of metal cations from the sterile and washed sand which are the sources of heavy metals to the dissolved phase, while an alkaline pH Open Journal of Inorganic Chemistry promotes the precipitation of metals and their complexes. Since the pH is slightly acidic for all the sites studied, there should be a release of the heavy metals into the environment.
Chemical Analysis
The results of the chemical analysis on sterile and soil samples are summarized in Table 2 and Table 3 respectively.
The arsenic content of gangue samples Mb1, Mb2, Mb3, Mb5 from the Mbal site, Na5 from Nakoyo site, Kp1, Kp3 from Kpawara site and Lo1 from Lom, is greater than the geochemical background of the locality and is also higher than the normal global average of the uncontaminated soils [10] . The highest levels of arsenic are found at Mbal, Kpawara and Nakoyo, which are all primary gold mining sites. This is justified by the strong presence of arsenopyrite minerals in the veins, which are exposed during mining. Arsenic content in soil and sediment samples is greater than 6 ppm, the normal global average of Bowen's uncontaminated soils [10] .
The strong presence of Arsenic in the soils of Kpawara and Mbalgold mining sites may be justified by the presence of gold veins rich in arsenopyrite on these sites. The relative arsenic content confirmed the migration of arsenic not only from the gangue to the soil, but also from free water collected upstream of these primary gold mining sites. From Table 3 we can see that samples Mb4 and Kp2
have high content of Arsenic, Nickel and Lead.
Evaluation of the Contamination
To evaluate multi-element contamination of soils by metals, assessment tools such as the pollution index and the pollution load index are used.
1) Pollution Index (PI)
Contamination by heavy metals on soils' surface, particularly in mine sites, is associated with a cocktail of contaminants rather than a single metal [15] . Thus, the concept of a pollution index makes it possible to identify the sites contaminated by metal so as to envisage an efficient solution through a good planning of the rehabilitation. After calculating the pollution index(PI) of our 22 samples, we realize that 8 samples namely Mb1, Mb2, Mb3 and Mb4 from Mbal exploitation site; Kp1, Kp2, Kp3 from Kpawara; and finally Na5 from Nakoyo have a pollution index greater than one (PI > 1), as shown in Figure 5 . This means that these sites are contaminated and that it is already necessary to think of a strategy of rehabilitation.
We note that the highest pollution index were recorded on releases from the primary gold mining sites of Mbal, Kpawara and Nyondéré; which means that one must have a watchful eye to the discharges produced by primary gold min- 
Conclusion
